To ensure the safety of the commercially available chenpi, a convenient and fast analytical method was developed for the determination of 133 pesticide residues in chenpi using gas chromatography-tandem mass spectrometry (GC-MS/MS). In this study, different extraction solvents, redissolution solvents and adsorbents were tested according to the recovery and purification effect to obtain a modified QuEChERS method. The samples were extracted with acetonitrile. During the clean-up step, octadecyl-modified silica (C18) and graphitized carbon black (GCB) were selected, and aminopropyl (NH 2 ) was used instead of primary secondary amine (PSA) because of its weaker ion exchange capacity which had little effect on the recovery of ditalimfos. Samples were quantified by matrix-matched calibration with internal standards. All pesticides showed good linearity in the respective range, both with values of r 2 4 0.99.
Introduction
Pericarpium citri Reticulatae (chenpi), the dried pericarp of the fruit of Citrus reliculate Blanco or its cultivars, is used in medicine and food [1] . As a food, chenpi has the effect of strengthening the spleen. As a traditional herb, chenpi is widely used to treat indigestion and inflammatory respiratory tract conditions [2] .
Pesticide residues are detected frequently in commercially available chenpi. Relevant literature shows that pesticides pollution in chenpi is serious [3] . Pesticides are very toxic to humans and research has shown that some pesticides have teratogenic, carcinogenic and mutagenic effects [4, 5] . In 2016, Peng et al. [6] used gas chromatography to determine organophosphorus pesticides in chenpi and only 11 kinds of organophosphorus pesticides were determined by this method. Therefore, it is extremely important to establish a set of convenient and fast detection techniques for the determination of multiple pesticide residues in chenpi.
Sample preparation is a crucial step in all analytical methods and an appropriate clean-up method was developed for the extraction of pesticide residues with high selectivity, and low co-extraction. The most common sample preparation methods include solid-phase extraction (SPE) [7, 8] , QuEChERS [9] , solid-phase micro extraction (SPME) [10, 11] and gel permeation chromatography (GPC) [12] [13] [14] .
The QuEChERS (Quick, Easy, Cheap, Effective, Rugged, Safe) method was developed by Anastassiades et al. in 2003 [15] and it has become one of the most commonly used methods for the determination of pesticides. A typical QuEChERS method involves an extraction with acetonitrile (and water in dry commodities), followed by a phase partitioning assisted by salting out and further clean up by d-SPE. [16] [17] [18] [19] . The method can be used to analyze many compounds, including highly polar pesticides and highly acidic compounds. It is suitable for the detection of samples with a low fat content and a high water content. Furthermore, the method has been applied to pesticide determination of many different matrices like vegetables, fruits and tea [20] [21] [22] .
In the clean-up step, sorbent C18 and primary secondary amine (PSA) are used in most published methods, and florisil is used in some, but NH 2 is seldom used. NH 2 has a similar adsorption performance to PSA, while PSA contains two amino groups giving it a higher ion exchange capacity than NH 2 . However, PSA sorbents result in the pH value of the final extract solutions being more than 8, which affects the stability of base-sensitive pesticides [23] Contents lists available at ScienceDirect journal homepage: www.elsevier.com/locate/jpa and NH 2 can be used when PSA affects the determination of analytes.
In order to ensure food safety, in this study, a method was developed for multi-residue determination of pesticides in chenpi by GC-MS/MS and NH 2 sorbent was used in a modified QuEChERS method because of the pesticides influenced by PSA.
Experimental

Chemicals and other materials
Pesticide standards and the internal standard (IS), chlorpyrifosd10 with a purity 498%, were provided by Dr. Ehrenstorfer (Augsburg, Germany). HPLC grade acetonitrile was obtained from Omni Chem (Schaumburg, IL, USA). HPLC grade acetone, ethyl acetate and n-hexane were obtained from Merck (Darmstadt, Germany). Anhydrous magnesium sulfate (MgSO 4 ) was obtained from Sigma-Aldrich (St. Louis, USA). Analytical reagent grade anhydrous sodium chloride (NaCl) was obtained from Weichen Chemical Reagent Co., Ltd (Tianjin, China). PSA, octadecyl-modified silica (C18), Florisil, graphitized carbon black (GCB) and aminopropyl (NH 2 ) were supplied by DIKMA Technologies (Beijing, China).
Instruments
GC-MS/MS analyses were carried out with a Shimadzu GCMS-TQ8030 (Japan). A Hitachi CF 16RN centrifuge (Japan) and an Eppendorf centrifuge 5804 (Germany) were used for the 50 mL and 10 mL centrifuge tubes, respectively, along with a BUCHI rotary evaporator (Switzerland), KQ-500DE numerical control ultrasonic cleaner (China) and Eppendorf tube (EP, China).
Preparation of pesticide standards and internal standard solutions
Individual stock standard solutions of each pesticide (1 mg/mL) were prepared by weighing pesticides and dissolving them in n-hexane. Mixed solutions of multiple pesticides (2.5 μg/mL) were prepared by combining appropriate volume of each stock standard solution and stored in a freezer ( À 20°C). A suitable amount of mixed standard reserve solution was transferred into 10 mL volumetric flask, and was diluted into matrix-matched standard working solutions with concentrations of 1, 2, 5, 10, 20, 50, 100 and 200 ng/mL respectively by blank (pesticide-free) chenpi extract. The internal standard solution, chlorpyrifos-d10, was prepared at a concentration of 1 mg/mL, and then diluted to 2 μg/mL.
Sample treatment and preparation
Each batch of chenpi was obtained from different markets in China. Pesticide residues can be easily extracted from small particle samples, so before use, all samples were ground to a powder mechanically, and passed through a no. 24 mesh sieve. (The particles retained in the sieve are not included for the analysis.) 2 g samples and 100 μL internal standard (2 μg/mL) were added to 50 mL polypropylene (PP) centrifuge tubes and then 10 mL acetonitrile was used for extraction. The ultrasonic extraction was carried out for 5 min and 0.8 g anhydrous MgSO 4 and 0.2 g NaCl were added. Each mixture was shaken by hand for 1 min and centrifuged at 11,180 g (rcf) for 5 min. Then, 7 mL of the upper acetonitrile layer was transferred to a 10 mL EP tube containing 200 mg C18, 200 mg NH 2 , 200 mg anhydrous MgSO 4 and 30 mg GCB. The solution was subjected to vortex mixing for 1 min, and then centrifuged at 7155 g (rcf) for 5 min, and 5 mL of the upper layer was transferred to a 50 mL round-bottom flask and evaporated to near dryness on a rotary vacuum evaporator at 40°C. The dry residue was redissolved in 2 mL acetone for analysis by GC-MS/MS.
GC-MS/MS conditions
GC separation was performed on a DB-5MS IU capillary column (30 m Â 0.25 mm Â 0.25 mm; Agilent, America) and helium (purity Z 99.996%) was used as a carrier gas at a constant flow of 1.5 mL/min. The inlet temperature was set at 250°C; the mode of inlet was splitless; the injection volume was 1 μL. The column temperature program is as follows: the initial temperature was maintained at 50°C for 1 min, increased to 125°C at a rate of 25°C/ min, raised to 230°C at 4°C/min, and then at 8°C/min up to 310°C, and held there for 3 min.
The mass spectrometer was operated with an electron impact (EI) source in multiple reaction monitoring (MRM) mode. The electron energy was 70 eV, and the ion and transfer line temperatures were set at 200°C and 250°C, respectively. In order to prevent instrument damage, the solvent delay was set at 3.5 min. Table 1 shows the optimized parameters of ion transition for 133 pesticide residues in chenpi.
Results and discussion
Optimization of extraction solvent
Acetonitrile, ethyl acetate and n-hexane are commonly used for extraction of multi-pesticide residues [24] [25] [26] [27] . Fig. 1 shows the TIC chromatograms of negative samples extracted by different solvents. Those extracted with n-hexane had the lowest matrix; however, recoveries of dimethoate, metalaxyl, paraoxon, bromacil, isocarbophos, E-chlorfenvinfos, fipronil, triadimenol, trans-chlordane, cis-chlordane, fenthionsulfoxide, fensulfothion, fenthionsulfone, and azinphos-methyl were close to zero. When extracted with ethyl acetate, the recovery of trans-chlordane and pyridaben was less than 60%. Compared with n-hexane and ethyl acetate, acetonitrile had the strong dissolving capability for the analytes, meeting the recovery requirement. Therefore, in this study acetonitrile was used as the extraction solvent.
Selection of solvent for redissolution
Acetonitrile possesses many advantages for extraction, but the polarity of acetonitrile is high, which can damage the gas chromatography column. For the protection of chromatographic columns, before analysis, acetonitrile should be replaced. In this study, n-hexane and acetone were selected as solvents for redissolution. The recoveries of pesticides obtained with these two solvents are shown in Fig. 2 .
Compared with that of acetone, the recoveries of some pesticides were lower when redissolved with n-hexane, and approximately 42% of pesticides were outside the range of 60%-120%. Dimethoate and cis-chlordane were close to zero. When dissolved with acetone, most of analytical pesticides satisfied the recovery requirement. So acetone was chosen as the solvent for redissolution.
Optimization of adsorbents
The use of co-extraction leads to an unsatisfactory peak shape, and an increased or inhibited response, which adversely affects the quantification. The adsorbents PSA, C18, Florisil, GCB and NH 2 were investigated to choose the most appropriate purification method. If the extraction solution was injected into the GC-MS/MS without adding adsorbents, there was clear interference of the matrix for the pesticides bitertanol, cypermethrin, flucythrinate, and difenoconazole.
The addition of Florisil for purification seemed to have no effect. C18 can be used for the reduction of lipids and non-polar interference. Because of the addition of C18, the matrices that interfered with the determination of pesticides, such as bitertanol, flucythrinate and difenoconazole, were removed.
PSA can adsorb fatty acids and pigments extracted from chenpi to improve the chromatographic peak shape of cypermethrin (Fig. 3) . When the amount of PSA was 200 mg, the chromatographic peaks of cypermethrin isomers was free of interference from impurities. However, PSA clearly had an effect on the recovery of ditalimfos. This study compared the effect of the addition of 50, 100, 150, 200 mg PSA on the recovery of ditalimfos, and the results obtained are shown in Fig. 4 . When the adsorbent amount was 50 mg, the recovery of ditalimfos was about 73.1%, while the recovery of ditalimfos decreased to 23.9% when the amount of PSA reached 200 mg. The main reason for this may be that PSA may increase the pH value of the final extract solutions to more than 8. According to the structure of ditalimfos (Fig. 5) , ditalimfos is unstable and decomposes easily in an alkaline environment, so as the amount of adsorbent is increased, the recovery of ditalimfos is reduced. Fig. 5 shows the structures of NH 2 and PSA. They had a similar adsorption, while PSA contains two amino groups, which resulted in a higher ion exchange capacity than NH 2 . Therefore, NH 2 could not only improve the chromatographic peak shape of cypermethrin, but also have small effect on ditalimfos. When the dose of NH 2 reached 200 mg, the recoveries of pesticides were all between 72.4% and 118.6%.
The solution extracted with acetonitrile contained more pigments. GCB is widely used in the adsorption of pigments. The color of the extraction solution changed with an increase in the amount of GCB. In addition, GCB is well known for adsorbing pesticides with a planar structure, leading to unsatisfactory recoveries and poor precision. This study compared the effect of the addition of 10, 20, 30 and 40 mg GCB on the recovery of pesticides, and the results obtained are shown in Fig. 6 . As the amount of GCB increased, the recoveries of some pesticides, such as hexachlorobenzene with a planar structure, decreased but were still in an acceptable range. Also, the extraction was improved when 30 mg GCB was added. In summary, 30 mg GCB was used as the adsorbent.
Validation study
Under the modified QuEChERS method conditions, a validation study was carried out to evaluate the performance characteristics of the method for multiple pesticides in chenpi by estimating the linearity, limit of quantification (LOQ), accuracy (expressed by recovery), precision and matrix effects. Validation was performed following the European Union SANTE/11945/ 2015 guideline [28] .
Linearity
The linearity for each pesticide was assessed in matrix-matched standard solution. The calibration curves of the compounds were obtained by plotting the pesticide/IS peak area ratios against the concentration of the corresponding calibration standards at eight different levels (1, 2, 5, 10, 20, 50, 100, 200 ng/mL). The linearity results are shown in Table 2 . The linearity of the method for all the pesticides was satisfactory, with correlation coefficients (r 2 )
higher than 0.99.
LOQ
The LOQ for each pesticide was defined as the lowest validated spiked level satisfying the requirement of recovery ranging from 70% to 120% and a relative standard deviation (RSD) less than 20%. Samples were spiked at two different concentrations: 0.005 and 0.01 mg/kg (6 replicates per level). The LOQ values are presented in Table 2 .
Accuracy and precision
Recovery was evaluated at three different spiked levels of 0.05, 0.1 and 0.2 mg/kg by spiking six blank samples at each level. Precision was expressed as the relative standard deviation (RSD) and was obtained from the six spiked samples at three spiking levels. Table 2 shows the recoveries and RSDs of all pesticides at all concentrations. The recovery of all the pesticides met the requirements of the pesticide residue determination.
Matrix effects (ME)
In this study, some pesticides, such as mevinphos, propoxur, dicrotophos and carboxine, have better chromatographic peak shapes in matrix-matched blank solutions than in pure solvent solutions because of the ME.
The ME was evaluated by the slope of the solvent calibration curve and the matrix-matched blank extract calibration curve according to the equation: ME (%) ¼ [(slope in matrix/slope in solvent) À 1] * 100 [29] . The ME results were grouped into 3 classes: a high ME (less than À 50% or higher than þ50%), a medium ME (between À 50% and À 20% or þ20% and þ 50%) and a low ME (between þ20% and À20%). Fig. 7 shows the ME of each pesticide. Among 133 pesticides, 53% showed low ME, 32% showed medium ME and 16% showed high ME. In order to avoid the ME, matrixmatched calibration standards were used for quantification to compensate for the ME.
Application to real samples
Once the analytical methodology was validated, it was used for monitoring pesticides in chenpi samples. The established method was used for the simultaneous determination of the pesticides in twenty real samples and the results are summarized in Table 3 . Chlorpyrifos, isocarbophos, methidathion, profenofos and fenpropathrin were found in eight batches, most of which were insecticides and fungicides. Insecticide clorpyrifos and methidathion were frequently detected pesticides, but no pesticide exceeded the maximum residue limits (MRL, the values of MRL for orange were taken as reference) prescribed by Regulation (EC) no. 396/2005 [30] . Clorpyrifos and methidathion are low toxicity pesticides, but the others are moderately or highly toxic pesticides, which are harmful to human health. Therefore, it is important to pay attention to the appropriate use of pesticides.
Conclusions
A modified QuEChERS method for the determination of multiple pesticides by GC-MS/MS was developed. Several sorbents were evaluated in order to reduce the ME as much as possible. C18 and PSA were mainly used in the Original QuEChERS method. In our study, PSA had an effect on the pesticide ditalimfos, which showed an unsatisfactory recovery on increasing the amount of PSA. NH 2 , with a similar adsorption performance to PSA, is a substitute product of PSA for base-sensitive pesticides or pesticides which could be affected by PSA. The addition of GCB can remove pigment extracted with acetonitrile. A validation procedure was performed, which showed good results for suitability, recovery and repeatability. The developed method was applied to the determination of real samples, and some pesticides were detected, which demonstrated that it is essential to constantly monitor pesticide residues in chenpi. 
